1. Introduction {#s0005}
===============

The World Health Organization (WHO) has estimated that resistance to antibiotics in European hospitals will increase costs by about €1.5 billion. Also, mortality will increase by 25,000 every year ([@b0105]). In 2013, the centre for disease control and prevention in the United States reported that each year 2 million people have a bacterial resistance to antibiotics in the USA, and at least 23,000 people have died from bacterial resistance to antibiotics ([@b0100]).

In Saudi Arabia, antibiotics are classified as the third most commonly-prescribed form of medication ([@b0010]). It is not legal in Saudi Arabia for pharmacists to sell antibiotics without a medical prescription ([@b0035]). In fact, a study in Riyadh in 2011 reported that 77.6% of community pharmacies dispensed antibiotics to the public without a medical prescription ([@b0005]). Another study in Jeddah reported that 97.9% of pharmacies in the community pharmacies dispensed antibiotics without medical prescription ([@b0015]).

Resistance to antibiotics can occur anywhere in the world, and it is considered a serious global health problem. Antibiotic resistance could greatly affect a country and could affect people of any age, leading to increasing costs and length of stay in hospital. The WHO has made the problem of solving antibiotic resistance one of its priorities ([@b0110]).

The WHO introduced a global campaign to increase the awareness of the public towards antibiotic resistance, and also to encourage the public to make appropriate use of antibiotics ([@b0110]).

There are a number of steps that can be taken to reduce antibiotic resistance among the general public. For example, antibiotics should not be used if a physician does not prescribe them, a course of antibiotics should be completed when prescribed by a physician, and antibiotics should not be shared with others ([@b0110]).

The public plays a significant role with regard to reducing the misuse of antibiotics and their excessive use. Therefore, it is necessary to assess the level of knowledge and attitude of the public towards the use of antibiotics in order to find out what education the public may need ([@b0080]). The aim of this study was to assess the knowledge and attitude of the consumers towards antibiotic use in Alkharj, Saudi Arabia by cross-sectional study.

2. Materials and methods {#s0010}
========================

A self-administered questionnaire was distributed to the participants. The study was conducted from June 2017 to October 2017 in Alkharj, which located in the center of Saudi Arabia, 70 km south of Riyadh. In this study, all data were collected from public places in Alkharj (e.g. shopping malls, hospitals, gyms, etc.). The inclusion criteria were Living in Alkharj and participants older than 18 years of age.

We randomly distributed 405 questionnaires to participants.

2.1. Instrument {#s0015}
---------------

The questionnaire was adapted from previous studies ([@b0085], [@b0055]). The questionnaire was translated into Arabic and subjected to a process of forward and backward translation. The survey consisted of four parts. Part one consisted of questions aimed at identifying the demographic characteristics of the respondents and the second part contained questions about the usage of antibiotics. The third section contained 8 statements about the knowledge of the respondent with regard to antibiotic use. Participants were asked to respond either "Yes", "No" or "Not Sure". The fourth part related to the attitude towards antibiotic use. It consisted of 8 statements. The participants were required to answer according to a 5-point Likert scale (''Strongly agree'', ''Agree'', ''Neutral'', ''Disagree'', and ''Strongly Disagree''.). To simplify the analysis, ''Strongly agree'' and ''Agree'' were classified under the category of "Agree", while ''Disagree'', and ''Strongly Disagree'' responses were classified under the category of "Disagree".

2.2. Statistical analysis {#s0020}
-------------------------

The data was analysis using Statistical Package for Social Studies version 21 (SPSS 21 IBM, New York, USA). Descriptive statistics in the form of frequency distributions and percentages were obtained for each of the characteristics, and in terms of all questions relating to knowledge and attitude towards antibiotic use. To describe the degree of knowledge of the participants, a single point was assigned for every correct answer, and zero was assigned to wrong and Not Sure responses. The antibiotic knowledge score was obtained on a continuous variable by adding up the participant's number of correct responses to 8 statements. Thus, a knowledge scale, with scores ranging from 0 to 8, was constructed based on the number of correct responses. The mean knowledge scores for bivariate variables (gender, marital status, employment status, work in the health sector, use of antibiotics during the last 12 months, and self-medication) were compared by using independent *t* tests. Similarly, the mean knowledge scores for multivariate variables (age, educational level and monthly income) were compared using one way analysis of variance (ANOVA). The attitude scores were calculated on a continuous scale by adding up the participant's number of appropriate responses to 8 statements. One point was given for each appropriate response (strongly agree or agree for positive statements and strongly disagree or disagree for negative statements) and zero for each inappropriate and neutral response, with a maximum obtainable correct score of 8 for each respondent. The mean attitude scores for bivariate variables (gender, marital status, employment status, work in the health sector, use of antibiotics during the last 12 months, and self-medication) were compared by using independent *t* tests. Similarly, the mean attitude scores for multivariate variables (age, educational level and monthly income) were compared using one-way analysis of variance (ANOVA). Pearson's correlation test was applied to analyze the relationship between knowledge and attitudes. For all statistical purposes, the level of significance was set at p \< 0.05.

3. Reults {#s0025}
=========

3.1. Demographic characteristics and antibiotic usage of the participants {#s0030}
-------------------------------------------------------------------------

A total of 405 questionnaires were randomly distributed to the general public in Al-Kharj, Saudi Arabia. However, only 387 of the participants completed the questionnaire making the response rate 95.5%. The largest percentage were in 18--30 year age group (48.6%) that constituted nearly half of the study participants. The sample distribution showed a high percentage of male (68.2%) participants compared to the female (31.8%) participants. More than half (56.3%) of the study participants were married, and possessed a university level qualification (56.8%). Most of the study participants were employed (62.8%) and 41.9% had a monthly salary of 10,001--20,000 SAR. Only 11.4% of the study participants worked in the health sector. More than three quarters (75.5%) of the study subjects had taken antibiotics in previous 12 months. Of the study participants, more than half (57.6%) took antibiotics without prescription (self-medication), as shown in [Table 1](#t0005){ref-type="table"}.Table 1Demographic characteristics and antibiotic usage of the participants (N = 387).VariablesNumber (N)Percentage %Age (Years)18--3018848.631--4013635.141--504411.4\>50194.9GenderMale26468.2Female12331.8Marital StatusSingle16943.7Married21856.3Educational LevelLess than secondary205.2Secondary10326.6University22056.8Postgraduate4411.5Employment statusEmployed24362.8Not employed14437.2Monthly income (SAR)Less than 50005915.25000--10,0009725.110,001--20,00016241.9Above 20,0006917.8Health sectorYes4411.4No34388.6Antibiotics usage in the last 12 monthsYes29275.5No9524.5Antibiotics usage without Prescription (Self-medication)Yes22357.6No16442.4

3.2. Knowledge of the study participants towards antibiotic use {#s0035}
---------------------------------------------------------------

The knowledge of antibiotics on the part of the study participant was elicited by using eight statements. When asked about the statement antibiotics are effective against bacterial infections, the majority of the participants (64.3%) answered correctly. On the other hand, less than half of the respondents (46.8%) incorrectly believed that antibiotics can be used to treat viral infections, while 28.4% were unsure of the answer. More than half of the participants (60.7%) incorrectly regarded antibiotics as being effective against colds and coughs. When asked whether or not antibiotics may cause allergic reactions, more than half of the participants (53.2%) responded correctly. A low percentage of the respondents (12.7%) incorrectly believed that antibiotics do not have side effects. When it came to the overuse of antibiotics causing antibiotic resistance, nearly two third of the participants (65.6%) responded correctly. Nearly 37% answered that they would stop taking a full course of antibiotics if the symptoms were improving, and nearly two thirds (64.9%) correctly mentioned that the effective of antibiotic is diminished if a full course of antibiotics is not completed, as shown in [Fig. 1](#f0005){ref-type="fig"}.Fig. 1Knowledge of the study participants towards antibiotic use.

3.3. Mean knowledge score {#s0040}
-------------------------

When knowledge of the antibiotics is measured on a continuous scale of 0--8, a mean score of 4.18 and a standard deviation of 2.14, with a minimum score of 0 and a maximum score of 8, was observed.

3.4. Comparison of mean knowledge scores between different groups {#s0045}
-----------------------------------------------------------------

The mean knowledge score was found to be significantly high for employed (4.50 ± 2.23) compared to the unemployed (3.63 ± 1.84), (p = 0.001) respondents. Participants working in the health sector showed a significantly higher mean knowledge score (6.84 ± 1.66) towards antibiotic use compared to those who do not work in the health sector (3.83 ± 1.94), (p = 0.001). The married participants showed a significantly higher mean knowledge score (4.53 ± 2.24) compared to single participants (3.72 ± 1.94), (p = 0.001). There was not any significant association between the mean knowledge score and gender, participants who used antibiotics in the last 12 months and self-medication with antibiotics. A comparison of the mean knowledge score with regard to antibiotics across different age, educational level and monthly income groups, showed statistically significant differences. The 18--30 year old age group showed a significantly lower mean knowledge score (3.87 ± 2.1) compared to that of others. Participants with postgraduate degrees showed a significantly higher mean knowledge score (5.16 ± 1.98) compared to others. Also the participants with a monthly income above 20,000 SAR showed significant higher mean knowledge scores (4.77 ± 2.1) compared to others, as shown in [Table 2](#t0010){ref-type="table"}.Table 2Comparison of mean knowledge score between different groups (N = 387).MeanSDP valueGenderMale4.162.210.863Female4.201.97Marital statusSingle3.721.910.001Married4.532.24Age in years18--303.872.10.04831--404.512.0941--504.431.96\>504.162.85Employment statusEmployed4.502.230.001Not employed3.631.84Education levelLess than Secondary3.11.940.001Secondary3.371.87University4.452.15Postgraduate5.161.98Monthly Income (SAR)Less than 50003.321.70.0015000--100003.542.0210001--200004.622.18Above 20,0004.772.1Work in Health SectorYes6.841.660.001No3.831.94Antibiotics use in last 12 monthsYes4.262.140.172No3.922.12Antibiotics usage without Prescription (self-medication)Yes4.272.180.294No4.042.08

3.5. Attitude of the study participants towards antibiotic use {#s0050}
--------------------------------------------------------------

When asked about the use of antibiotics when having a cold, 42.1% incorrectly agreed that they took them. Sixty percent of the participants were expecting prescriptions for antibiotics from their doctor. More than half (50.9%) of the study participants expressed that they stopped taking antibiotics when they feel better. Nearly half of the respondents (48.6%) said that they keep a stock of antibiotics at home in case of emergency. Less than half of the participants (46.5%) correctly disagreed with regard to the use of left over antibiotics in the event of repeated illnesses. Nearly, 45.5% of the study participants correctly disagreed to buy antibiotics from a pharmacy without a prescription. 73.4% of the participants took antibiotics according to the instructions on the label. More than three-quarters (77.8%) looked at the expiry date of antibiotics before taking them, as shown in [Fig. 2](#f0010){ref-type="fig"}.Fig. 2Attitude of the study participants towards antibiotic use.

3.6. Mean attitude score {#s0055}
------------------------

A mean attitude score of 3.85 with a standard deviation 2.15, and a minimum score of 0 and a maximum score of 8 was observed.

3.7. Comparison of mean attitude scores between different groups {#s0060}
----------------------------------------------------------------

The mean attitude score was found to be significantly higher for females (4.24 ± 2.07) compared to the males (3.67 ± 2.17), (p = 0.016). Similarly, participants working in the health sector (6.41 ± 1.87) showed a significantly higher mean attitude score towards antibiotics compared to those who do not work in health sector (3.52 ± 1.96), (p = 0.001). The study participants who had not used antibiotics in last 12 months, and those who did not self-medicate with regard to antibiotics without prescription, showed a significantly higher mean attitude score towards antibiotic use. There was no significant relationship between different ages and mean attitude scores. A comparison of mean attitude scores between different educational and monthly income groups showed significant differences (p \< 0.05). The study participants with a university education (4.07 ± 2.26) and a postgraduate education (4.66 ± 2.32), showed a high mean attitude score towards antibiotics. Also the study participants having a monthly income of 10,001--20,000 SAR (4.05 ± 2.17) and above 20,000 SAR (4.51 ± 2.26), showed a high mean attitude score, as shown in [Table 3](#t0015){ref-type="table"}.Table 3Comparison of mean attitude score between different groups (N = 387).MeanSDP valueGenderMale3.672.170.016Female4.242.07Marital StatusSingle3.631.970.081Married4.022.28Age in years18--303.832.120.57931--403.962.2141--503.481.92\>504.102.64Employment statusEmployed3.942.260.256Not employed3.691.96Educational LevelLess than Secondary2.651.530.001Secondary3.271.70University4.072.26Postgraduate4.662.32Monthly Income(SAR)Less than 50003.342.140.0015000--100003.361.8910001--200004.052.17Above 20,0004.512.26Work in Health SectorYes6.411.870.001No3.521.96Antibiotics use in the last 12 monthsYes3.692.160.009No4.352.08Antibiotics usage without Prescription (self-medication)Yes3.222.040.001No4.712.01

A significant positive correlation was noted between the respondents' antibiotic knowledge score and their attitude score (r = 0.523, p = 0.000).

4. Discussion {#s0065}
=============

Several reported studies have stated that the misuse of antibiotics is associated with the public knowledge of antibiotic use ([@b0025], [@b0040]). This study was conducted in Alkharj, Saudi Arabia, to determine the knowledge and attitude of the general public with regard to antibiotic use. The present study revealed that 75% of the participants in the study reported on their use of antibiotics in the 12 months prior to the survey. This is a high percentage when compared to a study in Poland, in which only 38% of the participants had used antibiotics in the previous 12 months ([@b0060]). The study found that more than half of the participants 57.6% have used antibiotics without a prescription. This is higher than that reported in the United Kingdom, Hong Kong, Malaysia and Poland. ([@b0070], [@b0115], [@b0085], [@b0060]). The misuse of antibiotics and bacterial resistance can be increased by antibiotic self-medication ([@b0045]).

It was found that 64.3% of the participants were aware that antibiotics can be used to treat bacterial infection. This is a higher rate than that found in similar studies in Jordan and South Korea ([@b0095], [@b0050]). In contrast, 46.8% of the respondents think that antibiotics can be used to treat viral infections. A lot of people cannot differentiate between bacteria and viruses. Consequently, they think that antibiotics can be used to treat both viral and bacterial infections ([@b0065]).

The study found that more than half (50.9%) of the participants stated that they stopped taking antibiotics when they feel better. This is a higher rate than that found in a study in Sweden where only 4.5% stated that they stop taking antibiotics if they feel better ([@b0020]). Stopping taking a full course of antibiotics will lead to an increase in the resistance of bacteria to antibiotics. The study showed that less than half (43.9%) of the participants agreed that they would use leftover antibiotics in the event of repeated illness. This is consistent with another study in Lebanon. However, it is a considerably higher rate compared to that of another study in Malaysia at only 3.2% ([@b0075], [@b0085]). The WHO reported that using leftover antibiotics could increase the resistance to antibiotics ([@b0105]).

In the present study, it was found that married participants and employed participants were associated significantly with higher level of knowledge with regard to antibiotic use compared to single and unemployed participants. That is similar to a study in Jeddah which showed that the married participants were significantly associated with a good knowledge of antibiotic use compared to single participants ([@b0030]). In addition, previous study in Italy noted that there was a significant association between unemployed respondents and low levels of knowledge with regard to antibiotic use ([@b0080]). Furthermore the study indicated there was a statistically significant difference in knowledge with regard to antibiotic use among different age groups. Those aged 18--30 years were significantly less knowledgeable about of antibiotics. This is agreement with the results of a study in Malaysia which indicated that the younger generation between the ages of 18 and 30 had poor knowledge regarding antibiotic use ([@b0085]).

The knowledge and attitude with regard to antibiotics across different educational and monthly income groups showed statistically significant differences. Those respondents who had received a higher education and who earned a higher monthly income showed a higher level of knowledge and a more positive attitude toward antibiotics use. There have been many studies reported in Jeddah, Malaysia, Lithuania, Italy, Hong Kong and Poland which stated that education level and monthly income is significantly associated with the knowledge of antibiotics and a positive attitude towards antibiotic use ([@b0030], [@b0055], [@b0090], [@b0080], [@b0115], [@b0060]). Therefore, those individual with low levels of education and low monthly income should take priority with regard to any health education in terms of knowledge and attitude towards antibiotic use. A previous study in Hong Kong showed that the female gender were significantly associated with positive attitudes towards antibiotic use ([@b0115]). The present study demonstrated that the female participants showed good attitude towards antibiotics use compared to male participants.

The study found that there was a significant positive correlation between the respondents' knowledge and their attitude towards antibiotics use. This suggests that those participants who have a good knowledge with regard to antibiotic use have a positive attitude towards antibiotic use. This is confirmed by other studies in Lebanon, Malaysia, South Korea and Sweden ([@b0075], [@b0055], [@b0050], [@b0020]).

4.1. Limitation of the study {#s0070}
----------------------------

The survey omitted those who could not speak Arabic as the questionnaire was in that language. The study was limited to members of the public who live in Alkharj, Saudi Arabia. The majority in the study participants were young and male. Also, another limitation is the study is cross- sectional represent one point in time and do not reflect any change in knowledge and attitude over time

5. Conclusion {#s0075}
=============

The participants who have a good knowledge with regard to antibiotic use showed a positive attitude towards antibiotics use. Higher education, working in the medical field and a high monthly income were associated significantly with good knowledge and positive attitude towards antibiotic use. However, single and unemployed participants showed a significant association with low knowledge with regard to antibiotic use. The findings of this study may be useful in order to help develop intervention through an increase in peoples' awareness regarding the risk of inappropriate use of antibiotics, and to decrease misconceptions regarding antibiotic use.
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